The vascular cambium and the growth ring it produces are continuous from trunk to branch, but the cells formed by the cambium in the upper junction of branch and trunk deviate from the normal orientation of trunk to branch by angles approaching 90°. Branch tissues begin to develop before trunk tissues early in the growing season. Maturation of branch tissues proceeds basipetally. The branch
The full text of this paper appeared in Can. J. Bet. 63:1391 Bet. 63: -1401 1985 . I thank Kenneth Dudzik for the photographs and especially the montage made up of 56 photographs in Fig. 8 ; H. Sharon Ossenbruggen and Tess Feltes for artwork; Tom van der Zwet for samples of pear infected with Erwinia amylovora; and Kevin Smith and Philip Larson for valuable discussions on the subject. xylem is oriented downward at the branch base and encircles it to form a collar. The collar tissues meet on the trunk below the branch. This branch collar is enveloped later in the growing season by the basipetal development of trunk xylem. Xylem in the trunk collar encircles tbe branch junction. The branch is structurally attached to the trunk by a series of trunk collars that envelop the branch collars every growing season. When the trunk collar is injured or removed by branch pruning, the trunk xylem above and below the cut is rapidly and extensively infected, and decay develops. When pruning cuts do not injure or remove the trunk collar, no infections develop in the trunk xylem.
Dye movement and patterns of spread of bacterial and fungal pathogens also suggest that there is no local direct conduction between trunk xylem above a branch and within a branch.
Figs. 1-4. (1) Diagram of branch-trunk junction that appears in many textbooks. The diagram shows the growth rings in the trunk above the branch continuing into the branch. At the plane of the diagram, it is difficult to understand how xylem elements in the growth rings below the branch connect with elements in the trunk above the branch. Furthermore, the diagram implies a conduction continuous from trunk tissues above a branch to the branch. Tissue arrangements below the branch are correct for the medial longitudinal view shown, but tissue arrangements are not correct when the longitudinal plane is not directly through the piths of branch and trunk. (2) Dissection of a paper birch shows that the discolored and decayed wood associated with the large branch stub was confined to the trunk wood present at the time the branch died. The infection may spread into the collar tissues that circle the branch when large columns of discolored or decayed wood spread downward into the trunk below a branch. The discolored and decayed wood may then spread slightly above the branch (arrows). (3) Dissection of a well-compartmentalized branch core in a yellow birch. The small pocket of decay at the distal end of the dead branch (large arrow) was confined by the protection zone that forms in branches (small arrows). Trees that have such strong protection zones will have sound trunk wood from cambium to pith. (4) Dissection of a hemlock shows the resin-soaked cone of wood that developed within the living branch (arrows). The resin-soaked wood is resistant to infection and the trunk is protected against invasion by pathogens. Resin-soaked cones stall shedding of the branches and, when the branch does break, it does so at the distal position of the resin-soaked cone.
Figs. 5-7. (5) A small trunk section of red oak shows the arrangement of large spring vessels. The bark was peeled from the sample in June. The vessels turned abruptly downward at the branch base to form a branch collar (arrow). Vessels in the branch collar came together on the trunk beneath the branch. Figs. 12-15. Two samples from the same red oak that had similar-sized branches pruned 5 years earlier. At left, a pruning cut that removed the collar. Note the decayed trunk wood above and below the cut (black arrows), although the callus was large. Fungi infected the trunk wood more rapidly than the inner branch core wood. At right, a pruning cut that did not injure the collar. Infections was confined to the outer edge of the cut branch (white arrows). Figs. 16-19. (16) Dissection of a trunk on a red maple 7 years after a branch was cut, leaving a stub. Arrows show the size of the trunk at the time the branch was cut. Trunk tissues connected to the branch beneath the branch decreased their growth rate after the branch was cut. The stem directly beneath the branch was constricted, while the stem above the branch continued to grow at the same rate as it did before the branch was cut. (17) Dissection of an American elm infected by Ceratocystis ulmi. The branch at left was infected, but the fungus did not spread into the branch at right. The infection did not spread into the zone of compacted xylem (arrows). (18) Dissection of a pear stem infected by Erwinia amylovora. The bacterium did not spread through the zone of compacted xylem into the rapidly growing branch (arrows). (19) Dissection of red maple trunks after dye was applied to the upper cut surface of a trunk (A) on one sample (left) and to the upper cut surface of the branch (B) on another sample (right). Dye did not move from trunk to branch (left) or from branch to trunk xylem above the branch (right). The thin strip of wood devoid of dye beneath the branch on the sample at left shows that the trunk collar did not close completely about the branch collar and the trunk wood directly connected to the branch.
